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By Jerome T. Du r l  ak 
I n s t i t u t e  o f  Env i  ronmen ta  1 R e s e a r c h  
and York Un i  v e r s i  t y  
D u r i n g  the p a s t  t w o  c e n t u r i e s ,  men g a i n e d  
knowl  e d g e  and p o w e r ,  whi  cli v a s t l y  i n c r e a s e d  
the ir  a b i l  i t y  t o  p r e d i c t  and  c o n t r o l  , and 
t h e y  u s e d  these powers  t o  make a  w o r l d  
i n c r e a s i n g 1  y u n p r e d i c t a b l e  and u n c o n t r o l l a b l e .  
G e o f f r e u  V i c k e r s  
V a l u e s  S y s t e m s  and S o c i a l  Processes 
m a n y  o f  t oday ' s  c h i l d r e n  w i l l  be spending more than h a l f  
t h e i r  l i f e  i n  t he  unknown w o r l d  o f  the  21s t  cen tu ry .  To 
cope e f f e c t i v e l y  w i t h  the  unknown, i n d i v i d u a l s  must have a  
we l l -deve loped a b i l i t y  t o  t h i n k .  b l i t hou t  i t ,  a d u l t s  w i l l  
be des t i ned ,  e v e n t u a l l y ,  t o  beconie c r i p p l e d  by t h e i r  own 
obso le te  thought  p a t t e r n s  as w e l l  as knowledge t h a t  i s  no 
l onger  r e l e v a n t .  They w i l l  be confused and overwhelmed by 
a  v a s t l y  changed f u t u r e  s o c i e t y  i n  which they w i l l  no 
1onge.r know how t o  p a r t i c i p a t e .  To prepare an i n d i v i d u a l  
f o r  a u s e f u l ,  f u l f i l l i n g  l i f e  i n  t he  21s t  cen tu ry  t h e r e  
must be e x t e n s i v e  sys temat ic  i n s t r u c t i o n  i n  the  s k i l l s  
r e q u i r e d  f o r  o r i g i n a l  and independent t h i n k i n g ,  c r e a t i n g  , 
and p rob lem-so lv in  . Th is  essay examines t h e  p o t e n t i a l  o f  
a  new " t h i  nker toy8"  - the  microconiputer . 
C u r r e n t l y ,  educat ion  ernphasi zes mastery o f  the  known. 
I t  does l i t t l e  t o  prepare an i n d i v i d u a l  t o  cope e f f e c t i v e l y  
w i  t h  t h e  unknown. * Dr.  Robert  H i  11 i a r d  , an educa t i  ona 1  
I n f o r m a t i o n  broadcas t i ng  s p e c i a l  i s  t f o r  t he  U. S. Federal Communications 
~ u l  t i p l i e s  F a s t  Commission, has sa id :  " A t  t he  r a t e  a t  which knowledge i s  
growing, by the  t ime the  c h i l d  born  today graduates f rom 
c o l l e g e ,  the  amount o f  knowl edge i n  the  w o r l d  w i  11 be four  
t imes as g r e a t .  By the  t ime t h a t  same c h i l d  i s  f i f t y  years 
o l d  i t  w i l l  be t h i r t y - t w o  t imes as g r e a t ,  and 97 pe rcen t  
o f  e v e r y t h i n g  known i n  t h e  w o r l d  w i l l  have been l ea rned  
s i n c e  the  t ime he was b o r n . " 3  Whi le we may q u i b b l e  w i t h  
h i s  s t a t i s t i c s  and use o f  the word "knowledge", i t  i s  l i k e -  
l y  we would a1 1 agree t h a t  the t i d e  o f  i n f o r m a t i o n  i s  r a -  
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p i d l y  i n c r e a s i n g  and i t  i s  exceed ing ly  d i f f i c u l t  t o  swim 
a g a i n s t  t h e  undercur ren ts  . 
P a r t  o f  t he  reason f o r  t h i s  pherion~enal growth o f  i n f o r -  
ma t ion  i s  t h e  convergence among computers, mass media and 
telecorrrnunicat ions. The power fu l .  f u s i o n  of a  computer, a 
t e l e v i s i o n  s e t ,  f i b r e  o p t i c s  and s w i t c h i n g  mechanisms 
shou ld  p o t e n t i a l l y  amp1 i f y  ou r  c a p a c i t i e s  t o  dea l  w i t h  our 
s o c i  a1 and p h y s i c a l  environment.  However, t h i s  technology 
a l s o  can extend ou r  senses t o  a  p o i n t  t h a t  t h e  i n t e r a c t i v e  
c h a r a c t e r  of these t o o l s  may a c t u a l l y  reshape n o t  o n l y  the 
i n f o r m a t i o n  con ten t ,  b u t  a l s o  the  way we p e r c e i v e  - i n  ways 
t h a t  o u r  conven t i ona l  w i  sdom and t r a d i  t i o n a l  i nsFi  t u t i o n a l  
means may n o t  be a b l e  t o  foresee, comprehend o r  e f f e c t i v e l y  
c o n t r o l  . 
Microprocessors:  General ---- Purpose Too ls .  Many people 
a r e  n o t  aware t h a t  one o f  the  reasons f o r  t h e  convergence 
o f  these i n f o r n i a t i o n  t o o l s  i s  due t o  t h e  development-of a  
mic roprocessor  which i s  a general  purpose t o o l .  A Japanese 
manufac turer  o f  smal l  c a l c u l a t o r s  asked f o r  a custom 
"process ing"  c h i p  t h a t  would be smart  enough t o  per form 
a r i t h m e t i c  and o t h e r  f unc t i o r l s  and s t i l l  f i t  i n s i d e  a  hand- 
h e l d  case. I t  a l s o  had t o  be cheap enough t o  r e s u l t  i n  a  
t o t a l  p r i c e  s u f f i c i e n t l y  low t o  c r e a t e  a  mass market f o r '  
the  complete u n i t .  I n t e l  Co rpo ra t i on  accepted the  task and 
d e l  i v e r e d  the t i n y  powerfu l  , s i  1 icon-based semiconductor 
c h i p  i n  1971." 
Microprocessor A rn icroprocessor  i s  r io t  a con~puter .  I t  i s  c e n t r a l  pro- 
IS Computer's cess ing  ur i i  t, a  coniputers' l o g i c a l  b r a i n .  Three more sec- 
L o g i c a l  Brain t i o n s  a r e  needed t o  corriplete a computer: a  mentory contain- 
i n g  b a s i c  i n s t r u c t i o n s ,  such as how t o  m u l t i p l y  and d i v ide  
( t h e  program); a  memory t o  s t o r e  new i n s t r u c t i o n s  and 
r e s u l t s ;  and an i n p u t / o u t p u t  u n i t . 5  A f i r s t - e v e n  w i t h  the 
l a r g e - s c a l e  i n t e g r a t i o n  o f  teris o f  thousands o f  i n d i v i d u a l  
e l e c t r o n i c  dev ices  : t rar is  i s  t o r s ,  d iodes,  r e s i s t o r s  and 
c a p a c i t o r s  on a  c h i p ,  each s e c t i o n  r e q u i r e d  i t s  own elec- 
t r o r i i c  c h i p  o r  s e r i e s  o f  c h i p s .  Now a l l  f o u r  can be packed 
r o u t i n e l y  i n t o  a  minute  p iece  o f  s i l i c o n .  I t  i s  these 
general  purpose machir~es t l ia  t h e l p  t o  r u n  a  t e l e v i s i o n  set, 
the  t e l  ephorie swi t c t i i  rig systerr~, the  t e l e t e x t  machine, the 
v ideo  game as w e l l  as your  oven, c a r  and r e f r i g e r a t o r .  
As a  r e s u l t  t he  corr~pu t e r  t h a t  c o s t  a  mi 11 i o n  d o l l a r s  a  
few years  ago and took up an e n t i r e  room now f i t s  on a  
t a b l e  top and cos ts  severa l  t.t~ousand do1 l a r s .  I n  1975 
t h e r e  were approx imate ly  150 ,000 opera t i  ng computers i n  
t h e  w o r l d .  By the  end o f  1977 t e n  t imes t h a t  many were 
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P l a y e r s  Can 
C r e a t e  Own 
Programs 
be ing  produced every  month and were be ing  operated by o r d i -  
nary  workers and c i t i z e n s  i n s t e a d  o f  t he  former "super- 
e l i t e "  - t h e  b i g  system s p e c i a l i s t ~ . ~  The s e l f - c o n t a i n e d  
computer t h a t  s i t s  on my desk cos ts  twe lve  hundred d o l l a r s  
i n  Canada ($800 US)  and has been used by ove r  seventy 
" c h i l d r e n "  rang ing  i n  age f rom f o u r  t o  seven ty - f i ve .7  . 
The Soc ia l  Context .  The mass media as we know them 
today, r a d i o ,  t e l e v i s i o n  and movies o n l y  a l l o w  us t o  be 
pass i ve  r e c e i v e r s  o f  i n fo rn la t i on .  The o n l y  c o n t r o l  we 
e x e r c i s e  i s  t u r n i n g  the  ~ l lach ine  on o r  o f f  and s w i t c h i n g  
s t a t i o n s  o r  channels. Pay t e l e v i s i o n  i s  r e a l l y  more o f  
t h e  same. I t  may widen ou r  cho ice ,  b u t  o u r  own c o n t r o l  i s  
min imal .  I n t e r a c t i v e  c a b l e  c e r t a i n l y  shou ld  widen o r  f r a g -  
- ment o u r  cho i ce  (depending on you r  p o i n t  o f  v iew)  even 
f u r t h e r ,  and may a l l o w  us t o  become a c t i v e  p a r t i c i p a n t s  i n  
surveys,  e t c . ,  b u t  one w i l l  never be comp le te l y  c o n f i d e n t  
t h a t  t h e  i n f o r m a t i o n  presented,  the  forms o f  t he  quest ions ,  
o r  the  i n s t a n t l y  c a l c u l a t e d  r c s u l  t s  a r e  n o t  r i g g e d . '  So 
as t e l e v i s i o n  presents  us w i t h  an i l l u s i o n  o f  r e a l i t y  o r  
maybe determines r e a l  i t y  f o r  us, i n t e r a c t i v e  cab le  w i l l  
p robab ly  be used t o  enhance the  i l l u s i o n  o f  a c t i v e  p a r t i c -  
i p a t i o n .  We must ask ourse lves  i f  these new s e r v i c e s  w i l l  
p r o v i d e  u s e f u l  i n f o r m a t i o n ,  w i l l  be a c c e s s i b l e  t o  everyone, 
w i l l  h i n d e r  o r  f a c i l i t a t e  face t o  face communication and 
most i m p o r t a n t l y ,  do we r e a l l y  need i t  anyway? " Informa- 
t i o n  i s  power, o r  a t  l e a s t  t he  r i g h t  i n f o r m a t i o n ,  a t  the 
r i g h t  t ime,  i n  t he  r i g h t  p lace  can mean power. More 
egal i t a r i a n  d i s t r i b u t i o n  o f  i nforr r ia t ion can mean more 
e g a l i t a r i a n  d i s t r i b u t i o n  o f  power. "9 
Whi le i t  i s  p o s s i b l e  t o  be a  pass i ve  r e c e i v e r  by s t r i c t l y  
u s i n g  canned game programs on a  s e l f - c o n t a i n e d  microcomputer,  
i t  i s  p o s s i b l e  f o r  users  t o  a c t i v e l y  program the  machine and 
c r e a t e  t h e i r  own programs. Many people a r e  a f r a i d  o f  p ro-  
gramming, b u t  languages a r e  becoming more power fu l  and 
general  as w e l l  as e a s i e r  t o  use and l e a r n .  Another s i g n  
t h a t  some people a r e  t i r e d  o f  beir ig pass ive  r e c e i v e r s  o f  
t e l e v i s i o n  i s  the hundreds o f  thousands o f  Canadians who i n  
the  p a s t  two years  have bought more and more s o p h i s t i c a t e d  
v ideo games. I n  an i n t e r v i e w  Nolan Bushnel l  (who i nven ted  
Pong, and founded A t a r i  which i s  now one o f  t h e  l a r g e s t  
v ideo game manufac turers )  was asked what k i n d  o f  people a r e  
buy ing  the  more expensive top  o f  t he  l i n e ,  v ideo  computer 
systems. H is  r e p l y :  
We're f i n d i n g  o u t  t h a t  i t ' s  t u r n i r ~ g  o u t  t o  be e v e r y b o d y .  
W e  a t  f i r s t  t h o u g h t  o f  i t  o u r s e l v e s  a s  a c a r r i a g e  t r a d e  
i t e m ,  b u t  i t  t u r n e d  o u t  t o  be a  f a m i l y  t o y  or a  f a m i l y  
B u i l d s  Two 
Computers  
i n v e s t m e n t .  Now i n s t e a d  of popping $500-$600 f o r  a 
t a b l e ,  they're s e e i n g  video games a s  s o m e t h i n g  the w ole 
f a m i l y  can d o  t o g e t h e r  . 1 0  
r1 
I n  a r e c e n t  book t h a t  Jotin Mcftale wro te  b e f o r e  h i s  
u n t i m e l y  death, i t  says t h a t  we a r e  beg inn ing  t o  see the  
emergence o f  d i f f e r e n t  i n f o r m a t i o n  communities which have 
over1 app ing  genera t i ona l  groupings and a r e  n o t  s t a t i c  b u t  
moving i n  t ime. The f i r s t  i n f o r m a t i o n  comnunity i s  made 
up o f  people who a r e  s t i l l  o r i e n t e d  towards t r a d i t i o n a l  
i n f o r m a t i o n  means and med ia -p r i n t ,  books, e t c .  The age 
o f  t h i s  group ranges m a i n l y  f rom 35 and up. The second i s  
made up o f  those r e l y i n g  i n c r e a s i n g l y  on v i s u a l  and audio 
channels bypassing p r i n t  and a v o i d i n g  t h e  newer computer 
based i n f o r m a t i o n  technology.  Th i s  group extends across 
a l l  ages, income groups and educa t i on  l e v e l s .  F i n a l l y ,  
t h e  t h i r d  i n f o r m a t i o n  community i s  made up o f  those 
l i t e r a t e  i n ,  and c o n t r o l  of  t h e  new i n f o r m a t i o n  technology. 
These a r e  m a i n l y  b e t t e r  educated, h i g h e r  income people 
between t h e  ages o f  18 t o  4 5 .  He suggests t h e  s i z e s  o f  
these t h r e e  comnunity groups a r e  changing as more people 
move i n t o  group 3 v i a  the  educa t i ona l  process. Another 
i m p o r t a n t  caveat  i s  t h a t  " t h e  younger members o f  qroup 2, 
though o r i e n t e d  t o  v i s u a l  and aud io  channels, a l s o  em- 
---- ----------- - -- 
braces r a p i d l y  qrowir iq i n t e r e s t s  .- and s k i l l s  i n  t he  new 
i n f o r m a t i o n  tech i i iY lG les . " f l  
I t  i s  easy t o  f i n d  p r o o f  o f  t h i s .  I f  you  l i v e  i n  a 
c i t y  t t i a t  i s  l a r g e  eriougti t o  have a horrie cornputer s to re ,  
go v i s i t  i t  d u r i n g  school hours .  You w i l l  see i t  f i l l e d  
w i t h  young boys p l a y i n g  hooky f rom schools.  There i s  a 
v a r i a t i o r r  i n  sma l l e r  towns. L a s t  yearwhen I went t o  
Data 78 - a coniputer show i n  Toronto - I met a young teen- 
ager from P a r i s ,  O n t a r i o  wlio was busy p r o g r a m i n g  a com- 
p u t e r  f o r  orie o f  the wel l -known computer manufacturers.  
lie had 1 ear-ried t o  proyrarn co~ripu t e r s  f rorn. ex tens i o n  courses 
and had a l ready  b u i l t  two o f  h i s  own computers f rom scratcl 
The coniputr r  salesman, who a l s o  had a Ph.D. i n  Physics, 
t o l d  rnr! t l ia  t the  boy w a s  orie o f  the b e s t  prograrrmers he 
had ever  seen. This  i s  n o t  t h e  f i r s t  t ime  I have been 
t o l d  t h i s  by cornputer salesmen. I t  i s  becoming common 
knowledge i n  the  t r a d e  t t i a t  rrlariy computer manufacturers i n  
t he  US a r e  a c t i v e l y  seekir iq young programmers n o t  y e t  i n  
t h e i r  teens. 
Before  we examine c h i l d r e r i ' s  use o f  computers as 
t h i r i k e r t o y s ,  l e t  us b r i e f l v  e x p l o r e  how t h e  " t e l e v i s i o n "  
genera t i on  m igh t  have paved the way f o r  t h e  p r e s e n t l y  
emerging " e l e c t r o n i c "  genera t i on .  
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There a r e  a  p l e t h o r a  o f  books and s t u d i e s  w r i t t e n  on 
c h i l d r e n  and t e l e v i s i o n ,  b u t  t he  book t h a t  I f i n d  most use- 
f u l  i n  t h e  p resen t  c o n t e x t  i s  Tony Schwartz 's  book 
The R e s ~ o n s  ive Chord. ' 
Tony Schwartz suggests t h a t  p r i n t  l e a r n i n g  r e q u i r e d  a  
g r e a t  deal  o f  e f f o r t  by the  c h i l d  f o r  r e l a t i v e l y  l i t t l e  
knowledge t o  be acqu i red  w i t h  l e s s  e f f o r t .  T e l e v i s i o n  
a l s o  p rov ides  the  saine i n f o r m a t i o n  t o  ad111 t s  and c h i l d r e n  
- c h i l d r e n  a r e  no l onger  she1 te red  fro111 kriowledge. So 
younger c h i l d r e n  beg in  t o  understand t h e  s c i e n t i f i c  gadgets 
and words b e t t e r  than t h e i r  e l d e r s .  
A s  a r e s u l t  the g e n e r a t i o n  g a p  h a s  d i s a p p e a r e d .  I t  i s  the 
a b s e n c e  o f  s u c h  a n  i n f o r m a t i o n  g a p  t h a t  c a u s e s  much o f  t h e  
f r i c t i o n  we a r e  e x p e r i e n c i n g .  T h e  t w o  g r o u p s ,  a d u l t s  and 
c h i l d r e n ,  a r e  e n c o u n t e r i n g  e a c h  o t h e r  more d i r e c t l y  t h a n  
ever before. T h e s e  e n c o u n t e r s  a r e  o f  t e n  p a i n f u l  b e c a u s e  
e a c h  g r o u p  f i n d s  a d i f f e r e n t  mean ing  i n  the e v e n t ,  b a s e d  on 
the d i f f e r e n t  s e n s o r y  p a t  t e r n s  e a c h  a p p l i e s  t o  e x p e r i e n c e .  1 3  
Schwartz argues t h a t  c h i l d r e n ' s  media involvement  a l s o  
r e s t r u c t u r e s  t h e i r  p a t t e r n s  o f  r e a c t i n g ,  f e e l i n g ,  and 
t h i n k i n g .  Today's c h i l d  i s  a  scanner who "perce ives  
Today ' s '  C h i l d  sensory i n f o r m a t i o n  a  m i l l esecond  a t  a  t ime, and he expe- 
rs S c a n n e r  r i e n c e s  l i f e  as a  cont inuous s  treanl o f  f l e e t i n g ,  rni 11 esecond 
events.  ""' I n  t h i s  way o f  1  i f e ,  involvement  has g r e a t e r  
va lue  f o r  young people than conceptual  knowledge o f  t he  
w o r l d  . 
From an a d u l t  l o o k i n g  a t  c h i l d r e n  f rom t h e  o l d  sensory 
p e r s p e c t i v e ,  t h i s  appears t o  be a very  f ragmentary p o i n t  
o f  v iew t h a t  has no connect ions t o  t h e  p a s t  and no f i r m  
goa ls  f o r  t h e  f u t u r e .  However, t o  a  c h i l d  i n v o l v e d  i n  
t h i s  scanning process h i s  exper ience o f  l i f e ,  as viewed 
th rough h i s  p a t t e r n s  o f  a u d i t o r y  and v i s u a l  pe rcep t i on ,  i s  . 
i n  harmony w i t h  h i s  p a t t e r n s  o f  t h i n k i n g .  Because c h i l d r e n  
a r e  expe r ienc ing  a  very  h i g h  i n f o r r ~ ~ a  t i o n  p e r c e p t i o n  r a t e  
they  a r e  a b l e  t o  see p a t t e r n s  o f  i n t e r a c t i o n  ve ry  e a s i l y  
and a c t i v e l y  seek these p a t t e r n s  o u t .  
I n  w r i t i n g  papers, s tudents  s w i f t l y  change the  sub jec t ,  
s h i f t  t h e  scene, drop a  1  i n e  o f  arguirient i n  o r d e r  t o  p i c k  
i t  up l a t e r  and n o t  l o s e  the  l o g i c  o f  development. They 
were n o t  t r a i n e d ,  as we, t o  c a r e f u l  l y  proceed f rom one 
s ta tement  t o  another  a f t e r  a  c a r e f u l  d e f i n i t i o n  and e l u c i d a -  
t i o n  o f  t h e  p o i n t s  they  a r e  t r y i n g  t o  make i n  an argument. 
"Educators s t r e s s  a n a l y t i c ,  deduc t i ve  reasoning,  which con- 
forms t o  the  way they t h i n k ,  w h i l e  s tudents  scan huge 
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amounts o f  i n f o r m a t i o n  i n  search o f  p a t t e r n s .  " I 5  
Learn To 
Read Fast 
Schwartz argues t h a t  media c h i l d r e n  e n t e r  school un i ted  
t o  o t h e r  s tudents  i n  a corrrnon exper ience o f  t h e  w o r l d  as 
a r e s u l t  o f  t h e i r  cor~~rrlorl use o f  media. They can f i l l  i n ,  
o r  respond to ,  o r  resonate  w i t h  a  v a s t  amount o f  informa- 
t i o n  t h a t  they  share w i t h  o t h e r s .  The educa to r ' s  j o b  i n  
these circunrstances i s  t o  sharpen a  s t u d e n t ' s  s k i l l  so tha t  
they  can e f f i c i e n t l y  process the  v a s t  amount o f  in fo rmat ion  
t h a t  t h e y  exper ience i n  l i f e .  
F i n a l l y ,  Schwartz suggests t h a t  t e l e v i s i o n  can become a  
v a l u a b l e  r e a d i n g  read iness  t o o l  . Only r e c e n t l y  have 
r e a d i n g  m a t e r i a l s  been designed t o  u t i l i z e  a  c h i l d ' s  media 
exper iences  . ' 
My exper iences i n  work ing  w i t h  c h i l d r e n  on microcomputers 
i s  t h a t  they  l e a r n  t o  read r a p i d l y  because they  want t o  read 
what i s  on the  screen o f  t h e  computer. I have a l s o  kept 
t r a c k  o f  seve ra l  c h i l d r e n  who have access t o  microcomputers 
i n  t h e  home and a1 1 t h e i r  pa ren ts  agree t h a t  k i d s  go outside 
and p l a y  as much as they ever  d i d .  What c h i l d r e n  do i s  play 
w i t h  t h e  computer d u r i n g  the  t ime  t h a t  they  would o r d i n a r i l y  
spend wa tch ing  t e l e v i s i o n .  
Microcot~rpu . - - - . - - - . - - - - t e r s  .- -. . . as - - . . .Thi . - . - - nke r toys .  . . . . - . . - - Russel 1  Acko f f  , i n  
Redes>~ir~yt l ie  Fu tu re  suggests: "The young do n o t  want t o  
--- 7 -  i- be p:.' i n t o  corrrpeti t t o n  w i t h  r ~ ~ a c h i r ~ e s ;  they want t o  know 
how ..J use and c o n t r o l  m a ~ h i n e s . " ' ~  C h i l d r e n  have recent ly  
began t o  cons ider  a  c a l c u l a t o r  as a  f r i e n d  and the micro- 
COIII~U t c r  seer~ls t o  f i t i 11 the s a w  ca tego ry  : i t surrlehow has 
t o  be understandable because i t  i s  so srrrall . Ch i l d ren  
u s u a l l y  beg in  t o  use a  rnicroconlputer f o r  p l a y i n g  games and 
these games do teac t i  sorne i 11 te res  t i ng n o t i o n s  . For example 
a  s o p h i s t i c a t e d  S t a r  Trek gallre can rrlake a  computer appear 
ve ry  smart,  b u t  i f  the  corrrputer cannot  process a  command 
t h a t ' s  misspe l  l e d ,  c h i 1  dren i n m e d i a t e l y  r e a l  i z e  t h a t  there 
a r e  s e r i o u s  1  i ln i  t a t i o n s  on the  n a t u r e  o f  t h e  machine's 
i n  t e l l  i yence. Very young c h i  1 d ren  can 1  earn  t o  program a 
c o ~ i ~ p u t e r  u s i n g  a  simp1 e  y e t  power fu l  language c a l  l e t  PILOT. 
I n  t h e  process o f  " t each ing "  a  computer t o  c a r r y  on a  
conve rsa t i on ,  c h i l d r e n  very  q ~ ~ i c k l y  r e a l i z e  t h a t  i t  i s  the 
prograrlaller who irr iparts t he  wisdorrr o r  l a c k  o f  i t .  
Garnes can m o t i v a t e  the l p a r n i n g  o f  b a s i c  s k i l l s  and 
s o p h i s t i c a t e d  concepts.  These games can s  imul taneously 
i n c o r p o r a t e  fan tasy  , sys tcwa t i  c f e d b a c k  and cornpeti t i on  
as we1 1  as f o s t e r  tearrwrork, coopera t i o n ,  and cross-age 
h e l p i n g . 1 9  I t  i s  a l s o  n o t  rwcessary t o  r r ~ a i n t a i n  o r  manage 
Tool Has 
Crea ti v i  t y  
a  s t u d e n t ' s  progress,  because parents  o r  teachers can l o o k  
a t  p r i n t o u t s  o f  a c t u a l  games a  c h i l d  has been p l a y i n g  t o  
g e t  an idea o f  the  c h i l d ' s  l e v e l  o f  achievement. Games 
can a l s o  be used w i t h  young c h i l d r e n  and handicapped 
c h i l d r e n  t o  improve hand and eye c o o r d i n a t i o n  and motor  
s k i l l s .  The problems t h a t  a d u l t s  f ace  i s  t h a t  they must 
be comfo r tab le  w i t h  t h e  idea t h a t  they  w i l l  o f t e n  know 
much l e s s  about a  g i v e n  aspect  o f  computing than h i s  o r  
her  c h i l d r e n  do. I t  i s  n e i t h e r  necessary no r  d e s i r a b l e  
n o r  p o s s i b l e  t o  l i m i t  c h i l d r e n ' s  areas o f  e x p l o r a t i o n  t o  
those o f  adul  t s .  
There a r e  a l s o  many smal l  e l e c t r o n i c  games (which con- 
t a i n  mic roprocessors)  t h a t  p u t  d r i l l  and mastery o f  bas i c  
s k i l l s  i n t o  a  fun pe rspec t i ve .  For  example, The L i t t l e  
P ro fesso r  ($15)  o r  Dataman ($25)  can take  c h i l d r e n  th rough 
exerc ises  i n  a d d i t i o n ,  s u b t r a c t i o n ,  m u l t i p l i c a t i o n  and 
d i v i s i o n  a t  seve ra l  l e v e l s  o f  d i f f i c u l t y .  Speak and S p e l l  
($59)  i s  a  t a l k i n g  l e a r n i n g  a i d  f o r  b u i l d i n g  s p e l l i n g ,  
p ronunc ia t i on ,  and read ing  s k i l l s  th rough microcomputer 
e l e c t r o n i c s .  I t  a l s o  has p l u g - i n  modules ($15)  t h a t  
i nc rease  i t s  vocabulary.  
'The microcomputer can a l s o  be used as a  t o o l  f o r  crea-  
t i v e  a c t i v i t y  r a t h e r  than a  p resen te r  o f  ques t i ons  and 
answers. C h i l d r e n  can compose  nus sic, c r e a t e  c o l o r e d  
drawings, w r i t e  s t o r i e s  o r  r u n  r o b o t s .  
Any c h i l d  who l i k e s  music can have v a s t  new ho r i zons  
opened by hav ing  access t o  a  computer w i t h  a  music genera tor .  
That i s ,  c h i l d r e n  a r e  no l onger  prevented by the  l a c k  o f  
d e x t e r i t y  f rom e x p l o r a t i o n  o f  compos i t ion  and o t h e r  mus ica l  
ins t ruments .  "The computer becomes an obed ien t  o r c h e s t r a  
and w i l l  p l a y  any p iece  the  c h i l d  can desc r ibe .  " * '  
Another dev i ce  t h a t  i s  be ing  used e f f e c t i v e l y  t o  i n t r o -  
duce computers t o  young c h i l d r e n  i s  Seymour P a p e r t ' s  r o b o t  
t u r t l  e. 
A t u r t l e  i s  a c o m p u t e r - d r i v e n  s u p e r t o y .  I t  c a n  move fo rward  
or backward  and c a n  r o t a t e  a r o u n d  i t s  c e n t e r .  A p e n  is a t -  
t a c h e d  t o  i t s  c e n t e r ,  and  when the p c n  i s  down,  the t u r t l e  
d r a w s  a l i n e  w h e r e v e r  i t  g o e s .  2 1 
Using a  p r o g r a m i n g  language c a l l e d  LOGO, c h i l d r e n  l e a r n  
t o  c o n t r o l  t h e  mot ions o f  the  t u r t l e ,  thus expanding t h e i r  
knowledge o f  what Paper t  c a l l s  t u r t l e  geometry. Paper t  
f e e l s  t h a t  t he  exper ience o f  a  p rog ram-con t ro l l ed  dev i ce  
can be used t o  " g i v e  c h i l d r e n ,  t o  q u i t e  an unprecedented 
Adult Shy 
Of Computers 
degree, a  sense o f  power o f  ideas i n  genera l ,  o f  sc ience 
i n  p a r t i c u l a r  and e s p e c i a l l y  o f  mathematics. "'* As T u r t l e  
geometry can g i v e  a  c h i l d  a  grasp on movement i n  space, 
access t o  a  microcomputer and a  music genera tor  can he lp  
a  c h i l d  t h i n k  about  r e l a t i o n s  i n  t ime  and i n  " t o n a l  space",23 
The r a t e s  o f  progress i n  m i c r o e l e c t r o n i c s  suggest t h a t  
i n  about  a  decade many people w i l l  possess a notebook-size 
con~puter  w i t h  t h e  c a p a c i t y  o f  a  l a r g e  computer o f  today. 
H o p e f u l l y ,  t h i s  computer w i l l  be a  t o o l  f o r  c r e a t i v e  ac t i v -  
i t y  r a t h e r  than a  p resen te r  o f  ques t i ons  and answers. This 
concept  has been taken the  f a r t h e s t  by Alan. Kay and Adele 
Goldberg a t  t h e  Xerox Pa lo  A1 t o  Research Center .  The 
Xerox group has shown t h a t  j u n i o r - h i g h  school c h i l d r e n  can 
compose music, c r e a t e  animated car toons ,  and w r i  t e  s to r ies ,  
g i v e n  a  power fu l  programming language such as t h e i r  
SMALL TALK language, arld a  cotnputer o r i e n t e d  t o  c o l o r  
animat ions,  music, and t e x t . * "  
Adul t s  arid Computers. Adul t s  have a  r a t h e r  s t range 
idea o f  what a computer i s ,  based on t h e i r  exper ience o f  
i n c o r r e c t  b i  1 1  s  , seerni n g l y  unchangeabl e  da ta  bases and 
very  slow responses t o  i n q u i r i e s .  The Lawrence t i a l l  o f  
Science i n  Berke ley  has e x t e n s i v e  cornputer d r o p - i n  courses 
f o r  c h i l d r e n  and a d u l t s ,  b u t  they o f t e n  f i n d  t h a t  adu l ts  
a r e  much more a f r a i d  o f  t h e  machine than  c h i l d r e n . 2 5  I n  a 
r e c e n t  conve rsa t i on  w i t h  David arid Annie Fox who r u n  the 
Mar i  r i  Cornpu t e r  Centre i n  Cal i f o r n i  a,' 9 non p r o f  i t organ- 
i z a t i o n ,  where anyone can walk i n  and l e a r n  about  cornputers 
i n  a  sa fe ,  non i n t i m i d a t i n g  envi ronment  I was t o l d  tha t  
t h e i r  f i r s t  "customers" were c h i l d r e n .  A f t e r  a  pe r iod  o f  
t ime pa ren ts  grew cu r ious  about  where t h e i r  c h i l d r e n  were 
spending they spare t ime and they  too  g o t  hooked. However, 
i t  was the  c h i l d r e n  who took t h e  f i r s t  i n i t i a t i v e .  
Learn ing  from Chi l d r e t i .  l l a r g a r e t  Meade be1 ieved tha t  
- 
we a r e  i n  a  SI t u a t i o n  i n  which we must beg in  l e a r n i n g  from 
ou r  c h i l d r e n .  "Adul t s  assume t h a t  t h e r e  i s  s t i  11 general 
agreernent about the good, the t r u e ,  arid t he  b e a u t i f u l .  
A lso,  t h a t  t he  b u i l t - i n  ways o f  p e r c e i v i n g ,  t h i n k i n g ,  f ee l -  
i n g ,  and a c t i n g  a r e  e s s e n t i a l l y  c o n ~ t a n t . " ~ '  She fee l s  
t h a t  such be1 i e f s  a r e  corr ipletely i ncompa t ib le  w i t h  the 
f i n d i n g s  o f  an thropo l  o!ly w t r i  ch has documented the  f a c t  that 
i n n o v a t i o n s  i n  technology and i n  t h e  form o f  i n s t i t u t i o n s  
i n e v i t a b l y  b r i n g  about  a1 t e r a t i o n s  i n  c u l t u r a l  character.  
To quote h e r :  
As I see i t , the development of. . . cul t ures wi 11 depend on 
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the e x i s t e n c e  o f  a c o n t i n u i n g  d i a l o g u e  i n  w h i c h  the y o u n g ,  
free t o  a c t  on their own i n i t i a t i v e ,  c a n  l e a d  their e l d e r s  
i n  the d i r e c t i o n  o f  the unknown.  T h e n  the o l d e r  g e n e r a t i o n  
w i l l  h a v e  a c c e s s  t o  t h e  new e x p c r i m e n  t a l  know1 e d g e ,  wi t h o u t  
w h i c h  no m e a n i n g f u l  p l a n s  c a n  be made.  I t  i s  o n l y  w i t h  the 
d i r e c t  p a r t i c i p a t i o n  of t h e  y o u n g ,  who h a v e  t h a t  k n o w l e d g e ,  
t h a t  w e  can b u i l d  a v i a b l e  f u t u r e .  2 8 
A Poss ib le  Future  Scenar io.  L e t  rrle end t h i s  paper w i t h  
- - - - - -. - - - . - - - 
a p o s s i b l e  f u t u r e  scenar io :  A condensat ion o f  a  s h o r t  
s t o r y  w r i t t e n  severa l  years  ago by Henry K u t t n e r  e n t i t l e d  
Mimsy Were The Borogroves . 
The s t o r y  takes p l a c e  i n  some d i s t a n t  f u t u r e  where 
Unthahorsten was t e s t i n g  h i s  t ime  machine. The dev i ce  
needed a  c o n t r o l ,  a  three-d imensional  s o l i d  which would 
r e a c t  t o  t h e  c o n d i t i o n s  o f  another  age. I n  a  nearby s t o r -  
age b i n  he came up w i t h  an arn i fu l  o f  d i sca rded  toys  o f  h i s  
son Snowen which he p u t  i n t o  the  t ime  machine as i t  d isap-  
peared back i n  t ime.  The toys  were found i n  the  t w e n t i e t h  
cen tu ry  by  S c o t t  who was p l a y i n g  hooky f rom the  l o c a l  p r i -  
mary school .  One o f  t he  toys  was a  square t r a n s p a r e n t  
c r y s t a l  b lock ,  smal l  enough t o  cup i n  h i s  palm. The c r y s t a l  
was a s o r t  o f  magn i f y ing  g lass  which en larged the  t h i n g s  
i n s i d e  t h e  b l o c k .  The t h i n g s  i n s i d e  t h e  b l o c k  were m in ia -  
t u r e  people who were d e f t l y  b u i l d i n g  a  house. S c o t t  wished 
the  house would c a t c h  f i r e  and i t  d i d .  tie a l s o  wished the  
people c o u l d  p u t  o u t  the  f i r e  and the  peop le  w i t h  a  g r e a t  
deal  o f  odd apparatus e x t i n g u i s h e d  t h e  b laze .  I t  was fun. 
The l i t t l e  people r e a l l y  d i d  what S c o t t  t o l d  them, i n s i d e  
o f  h i s  head. I f  he made a mis take they wa i ted  t i l l  he 'd  
found t h e  r i g h t  way. They even posed new p r o b l e m  f o r  him. 
The cube t a u g h t  Sco t t ,  w i t h  a la rn i ing  r a p i d i t y  - and taugh t  
him e n t e r t a i n i n g l y .  
Emna and h i s  younger s i s t e r  (about  t h r e e  years  o  
found another  t o y  which t o  an a d u l t  would l o o k  l i k e  
abacus. I t  was a  f o o t  square composed o f  t h i n ,  r i g  
7 d  
an 
i d  i n t e r -  
l o c k i n g  w i r e s .  On the  w i r e s  c o l o r e d  beads were s t r u n g  t h a t  
cou ld  s l i d e  back and f o r t h ,  f rom one suppor t  t o  another ,  
even a t  t he  p o i n t  o f  j u n c t u r e .  The angles formed by t h e  
w i r e s  had a  r i d i c u l o u s  l a c k  ( t o  an a d u l t )  o f  Euc l idean 
l o g i c .  She s t a r t e d  s l i d i n g  the beads and she managed t o  
make one of t he  beads d isappear.  A f t e r  a  w h i l e  t he  mot ions 
o f  t h e  beads d i d n ' t  seem so s t range.  Even when t h e  beads 
vanished. She began t o  l e a r n  new d i r e c t i o n s ,  e t c .  
When t h e i r  pa ren ts  asked where the  toys  came from t h e  
k i d s  b l u f f e d  by say ing  i t  came f rom an u n c l e  who had j u s t  
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l e f t  town f o r  a few wecks.  'The pareri ts unfor tur ia te ly  
d i d n ' t  ge t  r i d  o f  the toys i n s t a n t l y  because they d i d  not  
r e a l i z e  t h e i r  s i gn i f i cance .  With the i n s t i n c t  o f  ch i ld ren 
- Enma and Sco t t  played w i t h  the  toys i n  p r i v a t e  and the 
more i n t r i c a t e  experiments were never performed under the 
eye o f  an a d u l t .  Emma learned more f rom the toys  than 
Sco t t .  He cou ld  conrrrrunicate h i s  thoughts b u t  Emma could 
n o t  except i n  c r y p t i c  fragments t h a t  she drew on papers. 
A f t e r  a  w h i l e  t h e i r  parents began t o  ge t  worr ied because 
t h e i r  c h i l d r e n  were a c t i n g  s t range ly .  They g o t  more 
wor r ied  when they found o u t  t h a t  t h e i r  c h i l d r e n  hadn ' t  got 
the toys f rom t h e i r  unc le  and c o u l d n ' t  f i n d  s i m i l a r  toys 
anywhere i n  the c i t y .  They then consul ted w i t h  a  wel l  
known c h i l d  psycho log is t .  The toys fasc ina ted  the psychol- 
o g i s t  and du r i ng  the conversat ion he p u l l e d  o u t  Hughes' 
High Wind i n  Jamaica and read from a  passage: 
Babies o f  course arc not lluman - they are animals, and have 
a very ancient and ramified culture, a s  cats have, and 
f i shes ,  and even snakes; the same kind as these, but much 
more complicated and vivid since babies are, a f t e r  a l l ,  one 
o f  the most developed species of the lower vertebrates. In 
short,  babies have minds which work i n  terms and categories 
o f  their  own, which cannot be translated i n to  the terms and 
categories o f  the humand mind. 
He expla ined t o  the parents t h a t  w h i l e  c h i l d r e n  and adults 
have the same senses, they use t h e i r  minds i n  a d i f f e r e n t  
way. Jus t  as a  mixmaster can whip up b a t t e r  and potaotes 
so can i t  squeeze oranges. "We d o n ' t  know how much about 
the p o t e n t i a l i t i e s  of the mind, b u t  we do know t h a t  the 
mind beconies cond i t ioned as we mature." I t learns certa in 
f a m i l i a r  theorenis and a l l  thought t h e r e a f t e r  i s  based on 
pa t te rns  t h a t  we take f o r  granted. "Our minds are condi- 
t i oned  t o  Euc l i d  b u t  s ince a  young c h i l d  doesn ' t  know 
Eucl i d  a  d i f f e r e n t  s o r t  of  geometry from ours would not 
in~press a  c h i l d  as k i n g  i l l o y i c a l .  Ch i ld ren  be l ieve what 
they see". The psycho log is t  i n s i s t e d  t h a t  the parents get 
r i d  o f  the toys.  They d i d  and a f t e r  a  w h i l e  the chi ldren 
seenied "normal " once again.  They enjoyed swintrning, hiking, 
movies, ganies , e t c  . Ilowever, they d i d  ti01 d un i  n t e l  1  i g i b l e  
coriversa t i o r ~ s  arid s  t u d i ~ d  rr~ear~ir igl  ess scrawls w r i t t e n  by 
E~rniia. One day Sco t t ' s  nrotlrer asked him i f  he cou ld  read 
the scrawls.  Sco t t  sa id  t h a t  he cou ld  n o t  read i t  exactly, 
b u t  cou ld  t e l l  what i t  means. The c h i l d r e n ' s  work continued 
u n t i l  one day Scot t  ye1 l e d  exul  t a r i t l y  t o  Emma - "This i s  i t  
- Conie on." Both k i ds  ran  u p s t a i r s  and began t o  make some 
no ise ups ta i r s .  The fa the r  raced up the s t a i r s  and opened 
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t h e  door t o  S c o t t ' s  room and watched the  c h i l d r e n  van ish  
" l i k e  a movement i n  a  d i s t o r t i n g  m i r r o r " .  A l l  t h a t  was 
l e f t  was a  p iece  o f  paper w i t h  a  stanza o f  verse  f rom 
Through the  Looking Glass: 
"Twas b r i l l i g ,  and the  s l i t h y  t roves  
D id  gyre  ad g imble  i n  the  wabe: 
A l l  mimsy were the  borogroves, 
And the  mome r a  ths  outgrabe.  " 
The notes Emna had made on t h e  page had t r a n s l a t e d  C a r r o l l ' s  
words i n t o  symbols b o t h  she and S c o t t  cou ld  understand. 
The c h i l d r e n  had f u l f i l l e d  the  c o n d i t i o n  o f  t h e  t ime  span 
c o n d i t i o n .  They had gone fo rward  t o  meet t h e i r  d e s t i n y .  
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